Background: The purpose of this study was to compare the functional outcomes and quality of life of older and younger patients with similarly treated distal femur fractures. Methods: We conducted an assessment of 57 patients who sustained distal femur fractures (Orthopaedic Trauma Association Type 33B, C) and underwent surgical treatment at our academic medical center. Patients were divided into 2 groups for analysis: an elderly cohort of patients aged 65 or older and a comparison cohort of patients younger than age of 65. A retrospective review of demographics, preoperative ambulatory status, radiographic data, and physical examination data was collected from the medical records. Follow-up functional data were collected via telephone at a mean of 2.5 years (range 6 months-8 years) using a Short Musculoskeletal Functional Assessment (SMFA). All patients underwent standard operative treatment of either nail or plate fixation. Results: There was no statistical difference in gender, fracture type, surgical technique, surgeon, or institution where the surgery was performed. The percentage of patients with healed fractures at 6-months follow-up was not significantly different between the cohorts. The elderly cohort had slightly worse knee range of motion at 3, 6, and 12 months postoperatively but there was not a statistically significant difference between the groups. The SMFA Daily Activity, Functional, and Bother indices were significantly worse in the older cohort (P < .01, P ¼ .01, P ¼ .02, respectively). However, there was no significant difference in the SMFA Emotional or Mobility indices. Conclusion: Despite lower quality of life and functional scores, this study suggests that relatively good clinical outcomes can be achieved with surgical fixation of distal femoral fractures in the elderly patients. Age should not be used as a determinate in deciding against operative treatment of distal femur fractures in the elderly patients.
Introduction
Distal femoral fractures account for approximately 6% of all femoral fractures. 1 They tend to occur in a bimodal distribution, with young adults incurring fractures secondary to highenergy trauma and the elderly patients following low-energy trauma. 1, 2 It is estimated that fractures resulting from lowenergy trauma in patients older than 50 years of age account for as much as 85% of all distal femur fractures. 2 Moreover, the incidence of such injuries is expected to rise with our aging and increasingly mobile population. 1, 3 Operative fixation for distal femur fractures in the elderly patients has been utilized with varying success since the 1970s. 2 Schatzker et al in their 1974 review of 68 patients with distal femur fractures did not endorse open reduction and internal fixation (ORIF) for all patients. 4 They recommended cast treatment for all elderly patients with easily reducible fractures. 4 Further, they described using internal fixation to treat patients with osteoporosis as ''doomed'' due to device failure, malunion, and nonunion as frequent complications. 4 Largely because of these difficulties, Karpman and Mar in 1995 went as far as recommending above-knee amputations for patients with severe osteoporosis having distal femur fractures. 5 However, in the recent years the results of internal fixation, even in the elderly patients, have generally been more favorable than conservative treatment with traction or cast bracing. 2, [6] [7] [8] Although distal femur replacing total knee replacement, angled blade plates, and other methods have been successfully used to treat distal femur fractures in the elderly patients, locked plating and intramedullary nailing remain the current standards of operative care. [9] [10] [11] [12] Nevertheless, high rates of complications and mortalities continue to be reported in all methods of internal fixation for distal femur fractures in the elderly patients. 1, 2, 8, 13 Although multiple studies have assessed the biomechanical properties, functional scores, and complication rates of surgical treatment for distal femur fractures in the elderly patients, few studies have investigated the patient's quality of life. 14 The short-and long-term consequences of distal femur fracture treatment in the elderly patients can have a substantial impact on patients' quality of life, which is difficult to measure with radiographic and functional scores alone. To our knowledge, no study to date has investigated patients' quality of life following the surgical treatment of distal femur fractures as stratified by age. Thus, the purpose of this study was to compare functional outcomes and quality of life in old and young patients with similarly treated distal femur fractures. Our null hypothesis was that there would be significant differences in the clinical, radiographical, and overall functional outcomes of older patients as compared to younger patients.
Methods
We conducted a retrospective review of all patients who sustained a displaced intra-articular distal femur fractures (Orthopaedic Trauma Association Type 33B, C 15 ) and underwent surgical treatment at our academic medical center based on age. A cohort that included all patients older than age 65 was identified, group A. A second cohort that sustained similar injuries but was younger than age 65 was identified and utilized as a comparison group, group B. Every patient who underwent operative treatment by 1 of the 2 surgeons for a distal femur fracture from 2001 through 2012 at our medical center was called for followup (92 patients). Final follow-up was collected via telephone using a Short Musculoskeletal Functional Assessment (SMFA) to assess function and quality of life. All patients gave their informed consent prior to being included into the study; this study was authorized by the local ethical committee and was performed in accordance with the Ethical standards of the 1964 Declaration of Helsinki as revised in 2000.
All patients underwent standard operative treatment of either intramedullary nail or locking plate fixation. A retrospective review of demographics, radiographic data, and physical examination data was collected from the medical records. All patients were seen for outpatient follow-up at 3, 6, and 12 months postoperatively. Fracture union was assessed based on radiographic data obtained at each follow-up visit. The presence of preinjury osteoarthritis was determined based on the Kellgren-Lawrence scale. 16 Knee flexion and knee extension at each follow-up interval were recorded. Patients were not included in our retrospective review if they were less than 18 years old at the time of initial treatment. Patients were also excluded from this study if they initially sustained a pathologic fracture or if they could not be contacted for the SMFA.
Statistical analysis was conducted to calculate differences between group A and group B. Mann-Whitney U tests were used to determine differences in all SMFA categories, time until observed fracture union, knee range of motion, and radiographic measurements. Fischer exact tests were used to compare differences in gender, intra-articular extension, surgical technique, and complications. Statistical tests were considered to be significant if 2-tailed P < .05.
Results
Fifty-seven patients met the inclusion criteria for this study (Table 1 ). Eight (21%) patients in Group A had died by before the final follow-up. One patient in group B was excluded due to preinjury lower extremity paralysis. This left 48 patients available for potential follow-up. Group A included 30 patients with an average age of 78 years (standard deviation [SD] 10, range 65-97). Group B included 18 patients with an average age of 47 years (SD 13, range 20-64). Follow-up functional data were collected at a mean of 2.5 years (SD 2.2 years, range 6 months-8 years). There was no statistical difference in gender, fracture type, surgical technique, or follow-up interval ( Table 1 ). The percentage of patients with healed fractures at 6-month follow-up was 94% in group A and 80% in group B. This difference was not significant (P ¼ .78). The elderly cohort had slightly worse range of knee motion at 3, 6, and 12 months postoperatively but there was not a statistically significant difference between the groups ( Table 2 ). There were more complications in group A (6 of 30, 20%) than in group B (1 of 18, 6%; Table 3 ). The SMFA's Daily Activity, Functional, and Bother indices were significantly worse in the older cohort ( Figure 1 ). However, there was no significant difference 
Discussion
Old and young patients alike had satisfactory outcomes following surgical treatment for distal femur fractures. The percentage of patients with fracture union at 6-month follow-up and the range of motion scores at every interval were not significantly different between the groups. A large proportion of older patients had died at the time of latest follow-up (mean 2.5 years). Although the SMFA's Daily Activity, Functional, and Bother indices were significantly worse in the older cohort, the Emotional and Mobility indices were not. Overall, we disproved our null hypothesis as many of the assessment parameters were similar between the age groups. Our mortality rate was similar to that of proximal femoral fractures in the elderly patients. 17 Previous studies investigating postoperative function following distal femur fracture repair have also reported high mortality rates for elderly patients following distal femur fracture repair. Dunlop and Brenkel in a 1999 prospective study of 30 elderly patients with intramedullary nails reported a mortality rate of 17% at 6 months and 30% at 1 year. 2 Streubel et al reported a 25% 1-year mortality in elderly patients treated surgically for distal femur fractures. 13 Kammerlander et al, in a long-term study of 53 elderly patients treated operatively for distal femur fractures, reported that 48.8% of patients died within 5.3 years of surgery. 1 The majority of deaths reported in all studies were not attributed to procedure-related complications but rather to unrelated medical problems. 1, 2, 13 Both Kammerlander et al and Streubel et al and reported strong associations between mortality and the presence of medical comorbidities. 1, 13 Like hip fractures, distal femur fractures in the elderly patients may be a sign of poor overall health rather than a direct cause for mortality. 1, 13 Similarly, in our study, we are unable to pinpoint the cause of the mortality and whether the fracture contributed to the increased mortality or the presence of associated medical comorbidities.
Although we found that the SMFA's Daily Activity, Functional, and Bother indices were worse in elderly patients, patients in both the age groups still reported fairly good functional and quality-of-life scores (Figure 1 ). Furthermore, the percentage of patients healed at 6-month follow-up, range of motion scores at all follow-up intervals, and the rate of complications at 1 year were not statistically different between the age groups. Thus, we contend that for active patients who are healthy enough to survive their first postoperative year, good outcomes can be achieved regardless of age. This is also corroborated in the existing literature. For their surviving patients, Dunlop and Brenkel reported that 85% had excellent or satisfactory function 1 year following surgery. 2 Kim et al in a small study of elderly patients with retrograde nails reported that all 13 living patients in their cohort were satisfied with their surgical results at 2-year follow-up. 18 We suspect that the decrease in quality of life and functional scores in group A would also be seen in healthy patients older than age 65. Since baseline SMFA scores were not collected, we were unable to prove our supposition that group A had a lower baseline status than group B. However, this was corroborated by Barei et al who report that normative ''uninjured'' mean SMFA scores for patients older than 60 years are more than twice as high as for patients aged 30 to 44. 19 Furthermore, group A had a significantly higher degree of preinjury osteoarthritis than group B which is an established cause of decreased functional status.
One strength of our study was that both group A and group B were largely similar in their makeup. Besides the intentional age difference, there were no statistically significant differences in gender or devices used for fixation. Although the surgical treatment did trend toward more older patients being treated with ORIF, we do not feel that this greatly impacted patient-centered outcomes. Thomson et al, in one of the few studies to use a quality-of-life assessment to evaluate distal femur fracture patients, previously compared patients treated with ORIF to patients treated with intramedullary nails. 14 They reported no differences in SMFA scores between patients treated with ORIF and intramedullary nails but did not evaluate differences in age. 14 Our study was limited by its retrospective assessment of physical examination and radiographic scores. It was also limited by our ability to contact patients via telephone for SMFA follow-up. The exclusion of patients who we were unable to contact may have introduced bias in our results. This may have led to an underreporting of patient complications and mortality, especially in the older cohort. We were also not able to accurately assess statistical differences in the complication rates between cohorts due to the size of our study. Furthermore, this study did not assess other viable surgical treatments such as knee replacement or fixed angle plating. It is possible that patients treated with other validated modalities would have different SMFA scores. Despite lower quality of life and functional scores, this study suggests that relatively good clinical outcomes can be achieved with surgical fixation in the elderly patients. The mortality rate following this injury in elderly patients approaches that of hip fractures and physicians should counsel families regarding that fact. We recommend that elderly patients with distal femur fractures should be assessed for surgical candidacy based on their preinjury functional status, medical comorbidities, and mental status. Age should not be a strong consideration in deciding against operative treatment of distal femur fractures in the elderly patients.
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